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(54) FREQUENCY INTERPOLATING DEVICE AND FREQUENCY INTERPOLATING METHOD 



(57) The spectrum of a PCM signal is divided into 
bands. Combinations of a reference band inclusive of a 
highest frequency band and another band, one of the 
reference band and other band being normalized, are 
checked to identify a combination having a highest 
spectrum distribution correlation. The spectrum having 
the same distribution as the spectrum distribution of the 
reference band contained in the identified combination 
is scaled along an envelope function and added to a 
higher frequency side than the reference band to gen- 



erate an output signal. A presence/absence of high fre- 
quency components of a PCM signal is detected. Only 
if there are high frequency components, the spectrum 
components are added to generate an output signal. It 
is therefore possible to recover a signal approximate to 
the original signal from either an original signal with the 
spectrum components in some bands being suppressed 
or a signal representative of an original signal containing 
no spectrum components in the bands or from a signal 
combining these two signals. 



FIG. 1 



< 

3 



INTERPOLATION 
BAND ADDING 
SECTION 



SYNTHESI7FR I ^OUTPUT SIGNAL 

5YNTH65KE8 ► ( pc M SIGNAL) 



EP 1 298 643 A1 



2 



Description 

TECHNICAL RELD 

IOO01J The present invention relates to a frequency 
interpolating device and a frequency interpolating meth- 
od capable of improving spectrum distribution of a band- 
iimited signal. 

BACKGROUND ART 

[0002] Distribution of data of the MPEG 1 audio layer 
3 (MP3) format and distribution of music and the like by 
frequency modulation (FM) broadcast, television sound 
multiplex broadcast and other methods are prevailing 
nowadays. These methods generally eliminate frequen- 
cy components of about 1 5 kHz or higher of music and 
the like in order to avoid an increase in data amount and 
an expansion of an occupied band width to be caused 
by an excessively broad band. 
[0003] Music and the Ilka whose frequency compo- 
nents at a predetermined frequency or higher are re- 
moved have generally a poor sound quality. Signals 
substituting the removed frequency components are 
added to improve the sound quality, as disclosed in JP 
Laid-Open Gazette No.7-93900. 
[0004] According to the approach disclosed in JP 
Laid-Open Gazette No.7-93900, a PCM digital audio 
signal is passed through a low pass filter and its output 
signal is multiplied by a signal containing absolute value 
components of the output signal to generate distortion. 
[0005] An audio signal reproducing apparatus dis- 
closed in JP Laid-Open Gazette No.7-93900 generates 
harmonic waves by distorting the waveform of an output 
audio signal with a limitter circuit and the like. It is indef- 
inite lhat such harmonic waves are approximate to those 
contained in the original audio signal. 
[0006] The invention has been made to solve the 
above-described problem associated with prior art. A 
first object of the present invention is to provide a fre- 
quency interpolating device and a frequency interpolat- 
ing method capable of recovering a signal approximate 
to an original signal from a predetermined conversion 
signal obtained from a band-limited signal of the original 
signal, particularly a frequency interpolating device and 
a frequency interpolating method capable of recovering 
an audio signal of a high sound quality. 
[0007] According to the prior art, even if the frequency 
components at a predetermined frequency or higher are 
not necessary to be removed, an audio signal of music 
or the I ike is compressed into the M P3 format or the like 
so that the band of the audio signal is generally limited. 
[0008] Even if original sounds or the like represented 
by a PCM digital audio signal have no frequency com- 
ponents higher than the pass band width of a low pass 
filter, a conventional device adds unnecessary high fre- 
quency components not contained in the original 
sounds or the like. The quality of an output audio signal 



is degraded more than it Is passed through a low pass 
filter and additional signal processing is not performed. 
[0009] Under such circumstances, a second object o) 
the invention is to provide a frequency interpolating de- 

s vice and a frequency interpolating method capable of 
recovering a signal approximate to an original signal 
even from a signal mixed with a signal representative of 
the original signal whose spectrum components in some 
bands were removed and a signal representative of the 

10 original signal which has no spectrum components in 
these bands. 

DISCLOSURE OF THE INVENTION 

is [0010] In order to achieve the first object of the inven- 
tion, in a frequency interpolating device for receiving an 
input signal of an original signal whose frequency com- 
ponents in a particular frequency band was suppressed, 
approximately recovering suppressed frequency com- 
ponents and reproducing a signal approximate to the 
original signal, short period spectra are obtained Irom a 
frequency band having frequency components not sup- 
pressed, a short period spectrum in the suppressed fre- 
quency band are estimated by paying attention to rep- 
ass etitjon of a spectrum pattern at a predetermined fre- 
quency interval, and in accordance with this estimation, 
a signal containing the frequency components in the 
suppressed frequency band is synthesized and added 
to the input signal. More specifically, in the frequency 
so interpolating device of the invention, the repetition of the 
spectrum pattern is judged from a correlation coefficient 
between a spectrum pattern in a first frequency band 
having a predetermined band width and frequency com- 
ponents not suppressed near the suppressed frequency 
35 band and a spectrum pattern in a second frequency 
band adjacent to the first frequency band having the pre- 
determined band width. 

[0011] If the spectrum pattern in the first frequency 
band and the spectrum pattern in the second frequency 
« band have a high correlation coefficient, a replica of the 
spectrum pattern having a correlation is coupled to in- 
terpolate the frequency components in the suppressed 
frequency band. 

[001 2] With this frequency interpolating device, a por- 
« tion of a spectrum of a signal to be interpolated having 
a high spectrum distribution correlation is added along 
an envelope line to the high frequency side of the signal 
to be interpolated to thereby expand the band. The add- 
ed spectrum can be regarded as some harmonic corn- 
s' ponents of the original spectrum. Therefore, if the signal 
to be interpolated has a limited band, the signal with the 
expanded band is approximate to the original signal be- 
fore the band limitation. If the signal to be interpolated 
is an audio signal, the audio signal of a high sound qual- 
& ity can be recovered from the signal with the expanded 
band. 

[001 3] (n the frequency interpolating device of the in- 
vention, the intensities of the frequency components to 
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be synthesized are determined from a spectrum enve- 
lope of trie suppressed frequency band estimated from 
a spectrum envelope of the frequency band not sup- 
pressed. Preferably, the particular frequency band is a 
high frequency band, and an upper limit frequency of 
the first or second frequency band is a lower limit fre- 
quency of a suppressed high frequency band. 
[0014] If the interpolation band contains the highest 
frequency spectrum of the signal to be interpolated, 
there is a high possibility that the interpolation band itself 
is some harmonic components of the original spectrum. 
The signal with the expanded band is more approximate 
to the original signal before band limitation. 
[001 5] According to another aspect achieving Uie first 
object of the invention, the frequency interpolating de- 
vice comprises: spectrum generating means for gener- 
ating short period spectra of the input signal; spectrum 
pattern deriving means for deriving short period spec- 
trum patterns having a correlation in adjacent frequency 
bands having a same band width; spectrum envelope 
deriving means for deriving spectrum envelope informa- 
tion in the band whose frequency components are not 
suppressed; means responsive to the spectrum pattern 
deriving means and the spectrum envelope driving 
means for synthesizing a frequency spectrum signal for 
Interpolating the suppressed frequency band; and 
means for adding the synthesized spectrum signal to the 
input signal. In this device, the synthesized spectrum 
signal contains the frequency components in the sup- 
pressed frequency band, the derived spectrum pattern 
and the level determined by the spectrum envelope in- 
formation. Typically, the input signal is a PCM signal ob- 
tained by sampling and quantizing an analog audio sig- 
nal. 

[001 6] According to another aspect of the invention, 
there is provided a frequency interpolating method of re- 
ceiving an input signal of an original signal whose fre- 
quency components in a particular frequency band was 
suppressed, approximately recovering suppressed fre- 
quency components and reproducing a signal approxi- 
mate to the original signal, wherein: short period spectra 
are obtained from a frequency band having frequency 
components not suppressed; a short period spectrum 
of the frequency components in the suppressed fre- 
quency band is estimated in accordance with repetition 
of a spectrum pattern in the frequency band having fre- 
quency components not suppressed, and the estimated 
short period spectrum pattern is synthesized and added 
to the input signal. 

[001 7J In order to achieve the second object of the in- 
vention, in the frequency interpolating device of the in- 
vention and in a frequency interpolating system for re- 
ceiving an input signal of an original signal whose fre- 
quency components in a particular frequency band was 
suppressed, approximately recovering suppressed fre- 
quency components and reproducing a signal approxi- 
mate to the original signal, the device and system com- 
prise: means forjudging whether the particular frequen- 
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cy band of the original signal contains frequency com- 
ponents having a predetermined level or higher and 
generating identification data representative of a pres- 
ence/absence of the frequency components having the 

5 predetermined level or higher; signal conversion means 
for suppressing the frequency components of the origi- 
nal signal in the particular frequency band and subject- 
ing the original signal to a predetermined signal conver- 
sion process; means for superposing the identification 

10 data upon the converted signal and transmitting the 
identification data and the converted data; judging 
means for receiving a transmitted signal, checking the 
identification data contained in the signal, and judging 
a presence/absence of the frequency components in the 

is particular frequency band; branch control means for 
controlling to output the received signal to an external if 
said judging means judges that the particular frequency 
band does not contain the frequency components and 
to input the received signal to succeeding signal 

so processing means if the judging means judges that the 
particular frequency band contains the frequency com- 
ponents; and signal processing means responsive to 
the received signal from the control means for perform- 
ing an inverse conversion process of the predetermined 

6 signal conversion process and an interpolation process 
of approximately synthesizing and adding the frequency 
components in the suppressed frequency band. More 
specifically, the predetermined signal conversion proc- 
ess is a data compression process and the inverse con- 

30 version process to be executed by said signal process- 
ing means is a data decompression process. The Inter- 
polation process to be executed by said signal process- 
ing means includes {i) a short period spectrum analysis 
process, <ii> a process of deriving short period spectrum 

35 patterns in adjacent frequency bands having a correla- 
tion, and (iii) a process of deriving spectrum envelope 
information. 

[0018] With the frequency interpolating system, the 
identification data is generated which is representative 

*> of whether the spectrum of the original signal is distrib- 
uted to the suppressed frequency band. If the identifi- 
cation data indicates an existence of a spectrum in the 
suppressed frequency band, a portion of the spectrum 
with a high correlation of the signal to be interpolated is 

45 added along an envelope to the high frequency side of 
the signal to be interpolated to thereby expand the band. 
The added spectrum can be regarded as some harmon- 
ic components of the original spectrum . Therefore, if the 
signal to be interpolated has a limited band, the signal 

SO with the expanded band is approximate to the original 
sig nai before the band limitation. If the identification data 
indicates no existence of the spectrum in the interpola- 
tion band, the signal to be interpolated is output without 
spectrum addition. 

55 [001 9] As a result, even if the received signal is a sig- 
nal to be interpolated having the suppressed spectrum 
components in some bands of an original signal, or a 
signal representative of the original signal which does 
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not contain the spectrum components in the bands, a 
signal approximate to the original signal can be recov- 
ered. If the signal is an audio signal, the audio signal of 
a high sound quality can be recovered. 
[0020| The above-described frequency interpolating 
system has an integrated arrangement of a signal trans- 
mission side (including an encoder) and a signal receiv- 
ing side (including a decoder). The invention may be 
embodied only by the reception side (decoder side). In 
this case, a frequency interpolating device for receiving 
an input signal of an original signal whose frequency 
components in a particular frequency band was sup- 
pressed, approximately recovering suppressed fre- 
quency components and reproducing a signal approxi- 
mate to the original signal, comprises: means for receiv- 
ing a first signal obtained by subjecting the original sig- 
nal whose signal components in the particular frequency 
band were suppressed to a predetermined signal con- 
version process and a second signal superposed upon 
the first signal of identification data representative of 
whether the particular frequency band of the original sig- 
nal contains the frequency components having a prede- 
termined level or higher; judging means for checking the 
identification data contained in the received signal and 
judging a presence/absence of the frequency compo- 
nents in the particular frequency band; branch control 
means for controlling to output the received signal to 
each part if the judging means judges that the particular 
frequency band does not contain the frequency compo- 
nents and to input the received signal to succeeding sig- 
nal processing means if the judging means judges that 
the particular frequency band contains the frequency 
components; and signal processing means responsive 
to the received signal from the branch control means for 
performing an inverse conversion process of the prede- 
termined signal conversion process and an interpolation 
process of approximately synthesizing and adding the 
frequency components in the suppressed frequency 
band. 

[0021] Similar to the frequency interpolating device, 
in order to achieve the first object of the invention, there 
is provided a frequency interpolating method which 
comprises: a step of judging whether the particular fre- 
quency band of the original signal contains frequency 
components having a predetermined level or higher and 
generating identification data representative of a pres- 
ence/absence of the frequency components having the 
predetermined level or higher; a step of suppressing the 
frequency components of the original signal in the par- 
ticui 3i frequency band and subjecting the original signal 
to a predetermined signal conversion process; a step of 
superposing the identification data upon the converted 
signal and transmitting the identification data and the 
converted data; a judging step of receiving a transmitted 
signal, checking the identification data contained in the 
signal, and judging a presence/absence of the frequen- 
cy components in the particular frequency band; a 
branch control step of controlling to output ihe received 
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signal to an external if the judging step judges that the 
particular frequency band does not contain the frequen- 
cy components and to input the received signal to a suc- 
ceeding signal processing step only if the judging step 

s judges that the particular frequency band contains the 
frequency components; and a signal processing step, 
responsive to the received signal from the branch con- 
trol step, o! performing an inverse conversion process 
of the predetermined signal conversion process and an 

'0 interpolation process of approximately synthesizing and 
adding the frequency components in the suppressed 
frequency band. 

BRIEF DESCRIPTION OF THE DRAWINGS 

w 

[0022] 

Fig. 1 is a diagram showing the structure of a fre- 
quency interpolating device according to a first em- 
20 bodiment of the invention. 

Fig. 2 is a diagram showing the structure of an an- 

Fig. 3(a) is a diagram showing the spectrum of an 
original audio signal and Fig. 3(b) is a diagram 

« showing the spectrum of the audio signal whose fre- 
quency components higher than a predetermined 
frequency were removed. 
Figs. 4(a) and 4(b) are diagrams showing examples 
of spectrum distributions after interpolation. 

30 Fig. 5 is a diagram showing the structure of a syn- 
thesizer. 

Fig. 6 is a diagram showing the structure of a fre- 
quency interpolating device according tc a second 
embodiment of the invention. 
35 Fig. 7 is a diagram showing the structure of a fre- 
quency interpolating section shown in Fig. 6. 
Fig. 8 is a diagram showing the structure of a fre- 
quency interpolating device according to a third em- 
bodiment of the invention. 

EMBODIMENTS OF THE INVENTION 

[0023] Embodiments of the invention will be de- 
scribed in detail with reference to the accompanying 
« drawings. 

(First Embodiment) 

[0024] Rg. 1 is a diagram showing the structure of a 
so frequency interpolating device according to a first em- 
bodiment of the invention. 

[0025J As shown, this frequency interpolating device 
is constituted of an analyzer 1 , a frequency interpolating 
section 2, an interpolation band adding section 3, and a 
55 synthesizer 4. 

[0026] As shown in Fig . 2, the analyzer 1 is constituted 
of n del ay units 11-0 to 1l-(n-1), (n+1) samplers 12-0 to 
12-n and a filter bank 13 (where n is an integer of any 
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of 1 or larger}. 

{0027] Each of the delay units 1 1 -0 and 1 1 -(n-1 J out- 
puts an input signal by delaying it by one sampling pe- 
riod. A signal output from a delay unit 1 1-k is supplied 
to a sampler 12-k (where k is an integer of any of 0 to £ 
(n-1)}. A delay unit 11-j is supplied with a signal output 
from a delay unit 11-(j+1) (where j is an integer of any 
of 0 to (n-2». The delay unit 11 -(n-1) is supplied with a 
pulse code modulation (PCM) signal which is to be sub- 
jected to frequency interpolation by the frequency inter- to 
polating device. 

[0028] Therefore, the delay unit 1 1-k. outputs a PCM 
signal supplied from the delay unit 1 1 -(n-1 ) by delaying 
it by (n-k) sampling periods of the PCM signal. 
[0029] A PCM signal is a signal obtained by sampling « 
and quantizing, i.e., so-called PCM modulating, an an- 
alog audio signal such as a voice signal. The spectrum 
distribution of an audio signal represented by a PCM sig- 
nal shows that the frequency components of an original 
audio signal shown in Fig. 3(a) higher than a predeter- 
mined frequency (14 kHz in the example shown in Fig. 
3(b)) are removed. 

[0030] Each ol the samplers 1 2-0 to 1 2-n samples a 
supplied signal at a sampling frequency of 1 /(n+1 )-th the 
sampling frequency of the PCM signal to be subjected » 
to frequency interpolation, and supplies the sampled 
signal to the filter bank 13. 

[0031] As described earlier, the sampler 12-k is sup- 
plied with an output of the delay unit 11 -k. The sampler 
1 2-n is supplied with the PCM signal to be subjected to 30 
frequency interpolation by the frequency interpolating 
device, substantially at the same time when the PCM 
signal is applied to the delay unit 11-(n-1). 
[0032] The filter bank 1 3 is constituted of a digital sig- 
nal processor (DSP), a central processing unit (CPU) 35 
and the like. 

[0033] As described earlier, the filter bank 1 3 is sup- 
plied with outputs of the samplers 12-1 to 12-n. 
[0034] The filter bank 13 generates first to (n+1)-th 
{n+1 ) signals representative of short span spectrum dis- « 
tributions of the input signals, by using a poly-phase fil- 
ter, discrete cosine transform (OCT), lapped orthogonal 
transform (LOT), modulated lapped transform (MLT), a 
quadrature mirror filter (QMF), extended lapped trans- 
form (ELT) or the like. Namely, the filter bank 1 3 converts « 
a time sequential signal into a frequency spectrum sig- 
nal. The generated {n+1} signals are supplied to the fre- 
quency interpolating section 2 and interpolation band 
adding section 3. 

[0035] It is assumed that the p-th signal generated by so 
the filter band 13 is a signal representative of a spectrum 
distribution in the p-th lowest frequency band among the 
bands obtained by dividing by (n+1) the short span 
spectrum distributions output from the samplers 1 2-0 to 
1 2-n (where p is an integer of any of 1 to (n+1 )) . ss 
[0036] The frequency interpolating section 2 is consti - 
tuted of a DSP, a CPU and the like. Upon reception of 
the (n+J) signals representative of the spectrum distri- 



butions of the (n+1) bands from the filter bank 13, the 
frequency interpolating unit 2 performs, for example, the 
following processes (1) to (S) to determine a reference 
band to be used as an interpolation band. 

( 1 ) I n order to determine the interpolation band, the 
frequency interpolating section 2 first identifies a 
band {reference band) formed by coupling consec- 
utive q (q is an integer in the range from 1 or larger 
to n or smaller) higher frequency bands among the 
bands represented by the signals supplied from the 
filter bank 1 3. A mean square value X of the spec- 
trum components of the reference band is calculat- 
ed. The band higher than the highest frequency of 
the reference band is defined as a band which does 
not substantially contain the spectrum of an audio 
signal represented by the PCM signal supplied to 
the analyzer 1 . 

(2) The frequency interpolating section 2 identifies 
a band (comparison band) formed by coupling con- 
secutive q (q is an integer in the range from 1 or 
larger to n or smaller) higher frequency bands ex- 
cluding the band having the highest frequency 
among the bands represented by the signals sup- 
plied from the filter bank 13. A mean square value 
Y of the spectrum components of the comparison 
band is calculated. 

(3) By using the mean square values of the spec- 
trum components of the reference band and com- 
parison band, the values of the spectrum compo- 
nents of the comparison band are normalized. For 
example, a ratio Y7X of the mean square value of 
the spectrum components of the comparison band 
to the mean square value of the reference band is 
calculated, and this ratio is multiplied by respective 
spectrum components of the comparison band. A 
set of obtained products represents a spectrum dis- 
tribution of the normalized comparison band. 

(4) A correlation coefficient between the spectrum 
distributions of the reference band and normalized 
comparison band is calculated by a least square 
method or the like. 

In this case, the correlation coefficient is calcu- 
lated by the frequency interpolating section 2 on the 
assumption that the Irequency of each spectrum of 
the comparison band is an original frequency added 
with a difference between the lowest frequencies of 
the reference band and comparison band. 

(5) The frequency interpolating seclion 2 calculates 
the correlation coefficients by executing the proc- 
esses (1 ) to (4) for all available values of q and for 
all available combinations of the reference band 
and comparison band. Of these combinations, the 
combination having a highest correlation coefficient 
is identified. Identification information of the refer- 
ence band contained in the identified combination 
is supplied to the interpolation band adding section 
3. 
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[0037] The interpolation band adding section 3 is con- 
stituted of a DSP, a CPU and the like. Upon reception 
of the (n+1 ) signals representative of the spectrum dis- 
tributions of the (n+1 ) bands from the filter bank 1 3, the 
interpolation band adding section 3 identifies a function 
representative of an envelope of the spectrum distribu- 
tion of each band. By performing regression calculations 
or the like by using the identified function, an estimate 
value of a mean square value of the spectrum compo- 
nents to be contained essentially in the interpolation 
band which is a band on the higher frequency band side 
than the highest frequency band {although this interpo- 
iation band was suppressed by a band limiting process). 
{0038] A single interpolation band or a plurality of in- 
terpolation bands may be used. The width of each Inter- 
polation band is assumed to be equal to the width of the 
reference band identified by the information supplied 
from the frequency interpolating section 2. If there are 
a plurality of interpolation bands, these bands are con- 
tinuous without any overlap and the interpolation band 
adding section 3 calculates the estimate value of a mean 
square value of the spectrum components of each in- 
terpolation band. 

{0039] Upon reception of the information for identify- 
ing the reference band from the frequency interpolating 
section 2, the interpolation band adding section 3 ob- 
tains the spectrum distribution of the interpolation band 
through scaling of the identified reference band. 
[0040] Namely, the interpolation band adding section 
3 first calculates the mean square vatue of the spectrum 
components of the identified reference band. Then, a 
ratio of the estimate value of the spectrum components 
of the interpolation band to the calculated mean square 
value of the spectrum components of the reference 
band is calculated. This ratio is multiplied by each of the 
spectrum components of the reference band. A set of 
calculated products represents a spectrum distribution 
of the reference band after scaling. 
[0041] The interpolation band adding section 3 gen- 
erates a signai representative of the spectrum distribu- 
tion of the interpolation band by considering the spec- 
trum distribution of the reference band after scaling as 
the spectrum distribution of the interpolation band. The 
generated signal as wall as the signals supplied from 
the filter bank 1 3 is supplied to the synthesizer 4. 
[0042] Namely, the interpolation band adding section 
3 supplies the synthesizer 4 with a spectrum distribution 
{spectrum distribution after interpolation) obtained by 
adding spectrum components of the interpolation band 
to the spectrum ol the original PCM signal. 
[0043] If the interpolation band adding section 3 con- 
aiders the spectrum distribution of the reference band 
after scaling as the spectrum distribution of the r-th in- 
terpolation band as counted from the lower frequency 
side, it is assumed that the frequency of each spectrum 
ol the reference band after scaling is an original frequen- 
cy added with a highest frequency of the reference band 
and a value (r-1) times the width of the interpolation 



band. 

[0044] Figs, 4{a) and 4 (b) show examples of the spec- 
trum distribution after interpolation. 
[0045] In the example shown in Fig. 4(a), of seven 

s bands (first to seventh bands) of an audio signal repre- 
sented by an original PCM signal, a combination of the 
seventh and sixth bands has a highest correlation coef- 
ficient. Namely, spectrum patterns have a repetition of 
one band period. In this case, as shown in Fig. 4(a), a 

(0 spectrum having substantially the same distribution as 
that of the seventh band which is the reference band is 
added to four interpolation bands A1 to A4. 
[0046] In the example shown in Fig. 4(b), of seven 
bands of an audio signal represented by an original 

<s PCM signal, a combination of the sixth and seventh 
bands and the fourth and fifth bands has a highest cor- 
relation coefficient. Namely, spectrum patterns have a 
repetition of a two-band period. In this case, as shown 
in Fig. 4(b), a spectrum having substantially the same 

2° distribution as that of the reference band (a band con- 
stituted of the sixth and seventh bands) is added to two 
interpolation bands B1 and B2. 
[0047] As shown in Fig . S, the synthesizer 4 is consti- 
tuted of a filter bank 41 , (n+1 ) samplers 42-0 to 42-n, n 

25 delay units 43-0 to 43-(n-1) and n adders 44-0 to 44-(n- 
1). 

[0048] The filter bank 41 is constituted of a DSP, a 
CPU and the like. As described earlier, the filter bank 41 
is supplied with a signal representative of the spectrum 
3D distribution after interpolation output from the interpola- 
tion band adding section 3. 

[0049] The filter bank 41 generates (n+1 ) signals rep- 
resentative of the values of signals having the spectrum 
distribution of a supplied signal and sampled at (n+1 ) 

35 points, by using poly-phase filters, DCT, LOT, MLT, ELX 
or the like {e.g., converts a spectrum signal in the fre- 
quency domain into a signal in the time domain). OF 
these generated (n+ 1 ) signals, a p-th signal (p is an in- 
teger of any of t to (n+1 )) is supplied to a sampler 42-(p- 

40 1). 

[0050] It is assumed that the sampling period for the 
values of the signals generated by the filter bank 41 is 
substantially equal to the sampling period of the sam- 
plers 12-1 to 12-n of the analyzer 1 . 

« [0051] The p-th signal generated by the filer bank 41 
represents the value at the p-th earliest sampling time 
among the values obtained by sampling at the (n+1) 
points and at an equal pitch the signal having the spec- 
trum distribution representative of the signal supplied to 

50 the filter bank 41. 

[0052] Each of the samplers 42-1 to 42-n converts a 
supplied signal into a signal having a Irequency (n+1) 
times that of the supplied signal, and outputs a PCM sig- 
nal representative of the conversion result. 

S5 [0053] As described earlier, the sampler 42-{p-1) is 
supplied with the p-th signal output from the filter bank 
41. A sampler 42-{s-1) supplies its output signal to an 
adder 44-{p-1) (where s is an integer of any of 1 to n). 
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The sampler 42-n supplies its oulput signal to the delay 
unit43-(n-t). 

[0054] Each of fte delay units 43-0 to 43-(n-i ) delays 
a supplied signal by one period and outputs it. 
[0055] A delay unit 43-k supplies its output signal to 
an adder 44-k (where k is an integer in the range from 
0 or larger to (n-1 ) or smaller). A delay unit 43-j is sup- 
plied with a signal output from an adder 44-(j+1 ) (where 
j is an integer in the range from 0 or larger to (n-2) or 
smaller). As described earlier, the delay unit 43-{r»-1 ) is 
supplied with a signal output from the sampler 42-n. 
[0056] Each of the adders 44-0 to 44-(n-1 ) outputs a 
signal representative of a sum of supplied two signals. 
[0057] An adder 44-k is supplied with signals output 
from a sampler 42-k and delay unit 43-k. An adder 44-m 
supplies its output signal to a delay unit 43-(m-1 ) (where 
m is an integer in the range from 1 or larger to (n-1) or 
smaller). A signal output from the adder 44-0 is an output 
signal of the Irequency interpolating device. 
[0058] An output signal from the adder 44-0 is a PCM 
signal having the spectrum distribution after interpola- 
tion and obtained by sequentially outputting the signals 
oulput from the samplers 42-0, 42-1,..., 42-(n-1J and 
42-n at substantially the same period as that of the PCM 
signal supplied to the analyzer 1. 
[0059] Of the spectrum distribution after interpolation, 
the spectrum distribution of the interpolation band add- 
ed by the interpolation band adding section 3 has a 
spectrum distribution corresponding to the spectrum 
distribution of the reference band contained in the com- 
bination of the reference band and comparison band 
having the highest spectrum distribution correlation. 
Therefore, the spectrum distribution of the interpolation 
band can be considered as harmonic components of the 
reference band or comparison band. An output signal 
from the adder 44-0 is therefore a PCM signal obtained 
through PCM of an audio signal simulated to the audio 
signal before the band limitation. By reproducing the au- 
dio signal from the output signal of the adder 44-0, the 
audio signal having high sound quality can be recov- 
ered. 

[0060] The structure of the frequency interpolating d e- 
vice is not limited only to that described above. 
[0061] For example, the functions of the delay units 

11- 0 to 11 -(n-1) and 43-0 to 43-(n-1), samplers 12-0 to 

12- n and 42-0 to 42-n and adders 44-0 to 44-(n-1) may 
be reaped by DSP and CPU. 

[0062] The frequency interpolating section 2 may de- 
termine the interpolation band by calculating a numeri- 
cal value representative of a correlation between the ref- 
erence band and comparison band instead of the cor- 
relation coefficient, in accordance with the spectrum dis- 
tribution of the reference band and comparison band. 
[0063] The frequency interpolating section 2 may 
identify a combination between the reference band and 
comparison band and thereafter suppiy the information 
for identifying the comparison band in the identified 
combination to the interpolation band adding section 3. 



In this case, the interpolation band adding section 3 ob- 
tains the spectrum distribution of the interpolation band 
through scaling of the identified comparison band. 
[0064] The frequency interpolating section 2 may nor- 
s malize the comparison band in the above-described 
process (3). 

[0065] However, if the spectrum distribution of the in- 
terpolation band is obtained from the spectrum distribu- 
tion of the reference band, there is a high possibility that 

'0 the reference band itself is harmonic components of the 
comparison band because the highest frequency of the 
reference band contains the highest frequency of the 
spectrum of the original PCM signal. Therefore, if the 
spectrum distribution of the interpolation band is ob- 

'S tained from the spectrum distribution of the reference 
band, a signal output from the adder 44-0 becomes an 
audio signal more simulated to the audio signal before 
the band limitation than if the spectrum distribution of 
the interpolation band is obtained from the spectrum dis- 

20 tribution of the comparison band. 

[006fi] A signal to be interpolated by the frequency in- 
terpolating device is neither limited only to a PCM signal 
nor it is required to be a modulated signal of an audio 
signal. 

25 [0067] Although the embodiment of the invention has 
been described above, the frequency interpolating de- 
vice of the invention may be realized by using a general 
computer system without using a dedicated system. 
[0068] For example, a program realizing the functions 

30 of the analyzer 1 , frequency interpolating section 2, in- 
terpolation band adding section 3 and synthesizer 4 may 
be read from a storage medium (such as CD-ROM, MO 
and floppy disc) and installed to realize the functions of 
the frequency interpolating device which executes the 

35 above-described processes. 

[0069] The program may be presented on a bulletin 
board system (BBS) on a communication line to distrib- 
ute it. A carrier may be modulated by signals represent- 
ative of the program to Iransmit the obtained modulated 

40 wave. An apparatus received this modulated wave de- 
modulates it to recover the program. 
[0070] The above-described processes can be exe- 
cuted by running and executing the program under the 
control of an OS like other application programs. 

45 [0071 ] If OS shares a portion of the processes or con- 
stitutes a portion of each constituent element of the in- 
vention, the program removing such a portion may be 
stored in a storage medium. Also in this case, the stor- 
age medium stores tha program for executing each 

so function or step of the computer. 

[0072] The previously-described first object of the in- 
vention can be effectively achieved by the frequency in- 
terpolating device (or method) according to the first em- 
bodiment of the invention, 

55 

(Second Embodiment) 

[0073} Fig, 6 is a diagram showing the structure of a 
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frequency interpolating device according to a second 
embodiment of the invention which can achieve the sec- 
ond object of the invention. 

[0074] As shown in Fig. 6, the frequency interpolating 
device is constituted of a high frequency component de- 
tecting section 1 , a voice compression section 2, a voice 
decompression section 3 and a frequency interpolating 
section 4. 

[0075] As shown in Fig. 6, the high frequency compo- 
nent defecting section 1 is constituted of a high pass 
fitter (HPF) 11 and a detector unit 12. 
[0076] HPF 11 receives a PCM signal to be com- 
pressed, cuts the frequency components at a predeter- 
mined frequency or lower, and supplies the other com- 
ponents (high frequency components) to the detector 
unit 12. The PCM signal to be compressed is also sup- 
plied to the voice compression section 2. 
[0077] The PCM signal to be compressed is generat- 
ed from an audio signal representing a voice or the like 
as a change in voitage or current. The cut-off frequency 
of HPF 11 is set higher than the uppBr limit frequency of 
a band occupied by compression data of the PCM signal 
compressed by the voice compression section 2. For ex- 
ample, if the upper limit frequency of the band occupied 
by the compression data is about 1 4 kHz, the cut-off fre- 
quency is set to, e.g., about 16 kHz. 
[0078] Upon reception of the high frequency compo- 
nents of the PCM signal from HPF 11, the detector unit 
12 detects the high frequency components and gener- 
ates a detection signal. This detection signal is supplied 
to the voice compression section 2 at the timing syn- 
chronous with the liming when the PCM signal to be 
compressed is supplied to the voice compression sec- 
tion 2. 

[0079] The voice compression section 2 is constituted 
of, lor example, a DSP, a CPU, a multiplexer and the 
like. The voice compression section 2 has also aalorage 
medium drive for reading/writing data from/to a storage 
medium (e.g., CD-R). 

[0080] Upon reception of the PCM signal to be com- 
pressed, the voice compression section 2 performs data 
compression by MP3, advanced audio coding (AAC) or 
another method. The upper limit frequency of a band 
occupied by data obtained by data compression (com- 
pression data described above) is a predetermined fre- 
quency or lower. 

[0081] The voice compression section 2 generates 
external data indicating whether the PCM signal con- 
tains high frequency components, in accordance with 
whether the detection signal is supplied from the detec- 
tor unit 12. 

[0082] Specifically, upon reception of the detection 
signal from the detector unit 12, the voice compression 
section 2 generates synchronously with the detection 
signal the external data indicating that the PCM signal 
contains high frequency components. On the other 
hand, if the detection signal is not supplied synchro- 
nously with the supply of the PCM signal to be com- 



pressed, then the voice compression section 2 gener- 
ates the external data indicating that the PCM signal 
does not contain high frequency components. 
[0083] For example, the upper limit frequency of the 
s band occupied by the compression data is about 1 4 kHz 
and the spectrum distribution of the PCM signal supplied 
to HPF 11 (and voice compression section Z) is such as 
shown in Fig. 3(b) (substantially no spectrum compo- 
nents at 14 kHz or higher), then the detector unit 1 agen- 
do erates the external data indicating that the PCM signal 
does not contain high frequency components. 
[0084] The voice compression section 2 records the 
compression data of the PCM signal and the corre- 
sponding externa! data representative of whether the 
« PCM signal contains high frequency components in an 
external storage medium set in the storage medium 
drive. 

[008S] The voice compression section 2 may have a 
communication control apparatus constituted of a mo- 

20 dem, a terminal adaptor or the like connected to an ex- 
ternal communication line, instead of or in combination 
with the storage medium drive. In this case, the voice 
compression section 2 transfers, via the communication 
line to an external, the compression data of the PCM 

25 signal and the external data representative of a pres- 
ence/absence of high frequency components of the 
PCM signal. 

[0086] If the voice compression section 2 compresses 
the PCM signal in the MP3 format, the external data is 

30 included In unshellery code. 

[0087| The voice decompression section 3 has, for 
example, a DSP, a CPU and the like as well as a storage 
medium drive. The voice decompression section 3 
reads the compression data of the PCM signal com- 

35 pressed by MP3, MC or another method and the corre- 
sponding external data from the external storage medi- 
um set in the storage medium drive. The read compres- 
sion data is decompressed by MP3, MC or another 
method to generate a PCM signal representative of de- 

40 compression data. This PCM signal and the corre- 
sponding external data read from the storage medium 
are supplied to the frequency interpolating section 4 
(more specifically, to an interpolation judging unit 41 to 
be described later). 

45 [0068] The voice decompression section 3 may have 
a communication control apparatus instead of or in com- 
bination with the storage medium drive. In this case, the 
voice decompression section 3 receives the compres- 
sion data along with the external data from an external 

so via a communication fine, decompresses the received 
compression data, and supplies the PCM signal repre- 
sentative of decompression data and the received ex- 
ternal data to the frequency interpolating section 4. 
[0089] As shown in Fig. 7, the frequency interpolating 

S5 section 4 is constituted of an interpolation judging unit 
41 , an analyzer 42, an interpolating unit 43, an interpo- 
lation band adding unit 44 and a synthesizer 45. 
[0090] Theinterpoiationjudgingunit41 ismadeof, for 
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example, a demultiplexer and the like. Upon reception 
of the PCM signal and corresponding externa! data from 
the voice decompression section 3, the interpolation 
judging unit 41 judges whether the external data indi- 
cates that the PCM signal contains high frequency com- 
ponents or not. If it is judged that the PCM signal con- 
tains high frequency components, the PCM signal sup- 
plied from the voice decompression section 3 is supplied 
to the analyzer 42. 

[0091] if the interpolation judging unit 41 judges that 
the external data acquired from the voice decompres- 
sion section 3 indicates thai the PCM signal does not 
contain high frequency components, the PCM signal 
supplied Irom the voice decompression section 3 is out- 
put as a signal output from the frequency interpolating 
section 4. 

[0092} The analyzer of the frequency interpolating 
section 4 shown in Fig. 7 has substantially the same 
structure as that of the analyzer shown in Fig. 2 and per- 
forms substantially the same process as that of the an- 
alyzer shown in Fig. 2. Therefore, the analyzer of the 
frequency interpolating section 4 shown in Fig. 7 gener- 
ates (n+1 ) signals representative of the spectrum distri- 
butions of {n+ 1 ) bands e ach having the same band width 
as that obtained by dividing the spectrum distribution of 
the supplied decompression data by (n+1 ), and supplies 
them to the interpolating unit of the frequency interpo- 
lating section 4. 

[0093] The synthesizer of the frequency interpolating 
section 4 shown in Fig. 7 has substantially the same 
structure as that of the synthesize shown in Fig. 5 and 
performs substantially the same process as that of the 
synthesizer shown in Fig. 5. Therefore, the synthesizer 
sequentially outputs the PCM signal having a spectrum 
distribution corresponding to the spectrum distribution 
after interpolation, at substantially the same period as 
that of the PCM signal supplied to the analyzer of the 
frequency interpolating section 4. 
[0094] Of the spectrum after interpolation, the spec- 
trum of the interpolation band added by the interpolation 
band adding unit of the frequency interpolating section 
4 has a spectrum distribution corresponding to the spec- 
trum distribution of the reference band contained in the 
combination of the reference band with the highest 
spectrum distribution correlation coefficient and the 
comparison band. 

(Third Embodiment) 

[0095] Fig. 8 is a diagram showing the structure of a 
frequency interpolating device according to a third em- 
bodiment of tile invention. 

[0096] As shown, the frequency interpolating device 
has substantially the same structure as that of the fre- 
quency interpolating device of the second embodiment 
shown in Fig. 6, excepting that an envelope detecting 
unit 5 is used in place of the high frequency component 
detecting unit 1 and that the Frequency interpolating sec- 



tion 4 does not have the interpolation judging unit 41. 
Similar to the frequency interpolating section 4 shown 
in Fig. 6, the frequency interpolating section 4 shown in 
Fig. 8 has an analyzer, an interpolating unit, an interpo- 

s lation band adding unit and a synthesizer. The operation 
of each com portent of thefrequencyinterpolatirtgdevice 
of this embodiment is different from that of the frequency 
interpolating device shown in Fig. 6. 
[0097] The envelope detecting section 5 has, for ex- 

»0 ample, an analyzer, a parallel-serial converter and a Sow 
pass filter (LPF), the analyzer having substantially the 
same structure as that of the analyzer 4 1 of the frequen- 
cy interpolating section 4. 

[0098] The analyzer of the envelope detecting section 
is 5 receives a PCM signal to be compressed, generates 
a predetermined number of signals representative of tile 
spectrum distribution of the PCM signal, and supplies 
the generated signals to the parallel-serial converter of 
the envelope detecting section 5. The PCM signal to be 
•so compressed is also supplied to the voice compression 
section 2, 

[0099] Upon reception of the signals representative of 
the spectrum distribution of the PCM signal to be com- 
pressed from the analyzer of the envelope detecting 
25 section 5, the parallel -serial converter of the envelope 
detecting section 5 sequentially supplies these signals 
to LPF of Ihe envelope detecting section 5 in the order 
of lower frequency band (or in the order of higher fre- 
quency band). 

so [0100] Upon sequential reception of the signals rep- 
resentative of the spectrum distribution of the PCM sig- 
nal to be compressed from the parallel -serial converter 
of the envelope detecting section 5, LPF of the envelope 
detecting section 5 cuts the frequency components of 

3S the signals at the cut-off frequency or higher and sup- 
plies the other frequency components (lower frequency 
components) to the voice compression section 2. The 
low frequency components supplied Irom LPF of the en- 
velope detecting section 5 to the voice compression 

*> section 2 correspond to an envelope signal of the spec- 
trum distribution of the PCM signal to be compressed. 
[0101] Instead of generating the external data de- 
pending upon whether the detection signal is supplied 
from the detector unit 1 2 shown in Fig. 6, the voice com- 

« pression section 2 shown in Fig. 8 uses as the external 
data th e signal representative of the low frequency com- 
ponents supplied from the envelope detecting section 5 
(an envelope signal of the spectrum distribution of the 
PCM signal to be compressed). 

so [0102] The voice compression section 2 stores the 
compression data and the corresponding external data 
representative of the envelope of the spectrum distribu- 
tion of the PCM signal before compression in an external 
storage medium set in a storage medium drive. Alterna- 

& lively, the compression data and external data are trans- 
ferred to an externa! via a communication line. 
[0103] The voice decompression section 3 shown in 
Fig. 8 acquires the compression data of the PCM signal 
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compressed by MP3, AAC or another method and the 
corresponding external data from the external storage 
medium or from the external via the communication line. 
Similar to the voice decompression section 3 shown in 
Fig. 6, the voice decompression section 3 shown in Fig. 
8 decompresses the acquired compression data by 
MP3, AAC or another method, and supplies a PCM sig- 
nal representative of decompression data to the analyz- 
er of the frequency interpolating section 4. The acquired 
external data is supplied to the interpolation band add- 
ing unit of the frequency interpolating section 4. 
[0104] The analyzer of the frequency interpolating 
section 4 shown in Fig. 8 has substantially the same 
structure as that of the analyzer shown in Fig. 2 and per- 
forms substantially the same process as thai of the an* 
aiyzer shown in Fig. 2. Therefore, the analyzer of the 
frequency interpolating section 4 shown in Fig. 8 gener- 
ates (n+1 ) signals representative of the spectrum distri- 
butions of (n+1 ) bands each having the same band width 
as that obtained by dividing the spectrum distribution of 
the supplied decompression data by (n+1 ), andsupplies 
them to the interpolating unit of the frequency interpo- 
lating section 4. 

[01 05] The interpolating unit of the frequency interpo- 
lating section 4 shown in Fig. 8 has substantially the 
same structure as that of the interpolating unit 43 shown 
in Fig. 7 and performs substantially the same process 
as that of the interpolating unit 43 shown in Fig. 7 to 
determine Ihe reference band and supply the informa- 
tion of the determined reference band to the interpola- 
tion band adding unit of the frequency interpolating sec- 
tion 4. 

[0106] Similar to the interpolation band adding unit 44 
of the frequency interpolating section 4 shown in Fig. 7, 
the interpolation band adding unit of the frequency in- 
terpolating section 4 shown in Fig, 8 is constituted of a 
DSP, a CPU and the like. Upon reception of the (n+1 ) 
signals representative of the spectrum distributions of 
the {n+1) bands from the analyzer of the frequency in- 
terpolating section 4 and the external data from the 
voice decompression section 3, the interpolation band 
adding unit of the frequency interpolating section 4 
shown in Fig. 8 performs substantially the same process 
as that of the interpolation band adding unit 44 shown 
in Fig. 7 to supply the signal representative of the spec- 
trum distribution after interpolation to the synthesizer of 
the frequency interpolating section 4. 
[0107] In this case, instead of performing regression 
calculations by identifying the function of the envelope 
of the spectrum distribution of each band in accordance 
with the signal supplied from the analyzer of the frequen- 
cy interpolating section 4, the interpolation band adding 
unit of the frequency interpolating section 4 shown in 
Fig. 8 calculates an estimate value of a mean square 
value of the spectrum components contained in the in- 
terpolation band in accordance with the function of the 
envelope represented by the supplied external data. 
[01 08] The synthesizer of the frequency interpolating 



section 4 shown in Fig, 8 has substantially the same 
structure as that of the synthesize shown in Fig. 5 and 
performs substantially the same process as that of the 
synthesizer shown in Fig. 5. Therefore, the synthesizer 
sequentially outputs the PCM signal having a spectrum 
distribution corresponding to the spectrum distribution 
after interpolation at substantially the same period as 
that of the PCM signal supplied to the analyzer of the 
frequency interpolating section 4. 
[0109] Of the spectrum after interpolation, the spec- 
trum of the interpolation band added by the interpol ation 
band adding unit of the frequency interpolating section 

4 has a spectrum distribution corresponding to the spec- 
trum distribution with the highest spectrum distribution 
correlation coefficient of the reference band contained 
in the combination of the reference band and compari- 
son band. 

[0110] The structure of the frequency interpolating de- 
vice is not limited only to that described above. 
[01 1 1 ] For example, at least some functions of the an- 
alyzer, parallel-serial converter and LPF of the envelope 
detecting section 5 may be performed by DSP or CPU, 
or the whole function of the envelope detecting section 

5 may be performed by DSP and CPU. The anaiyzer of 
the envelope detection section 5 may be realized by a 
fastFourier transform (FFT) device having a well-known 
structure. 

[0112] Instead of generating an envelope sig nal of the 
spectrum distribution of the PCM signal to be com- 
pressed, the envelope detecting section 5 may generate 
a signal representative of a band width occupied by the 
PCM signal to be compressed, in this case, the voice 
compression section 2 may use as the external d ata the 
data representative of the band width occupied by the 
spectrum distribution of the PCM signal before com- 
pression. For example, the data representative of the 
occupied band width is constituted of the lowest fre- 
quency of the spectrum components of the PCM signal 
and the data representative of the band width occupied 
by the PCM signal, if the lowest frequency of the spec- 
trum components of the PCM signal is already known 
(e.g., 0 Hz), it is sufficient if the data representative of 
the occupied band width is constituted of only the data 
representative of the band width occupied by the PCM 
signal. 

[01 13] if the external data represents the band width 
occupied by the spectrum distribution of the PCM signal 
before compression, similar to the interpolation band 
adding unit 44 of the second embodiment, the interpo- 
lation band adding unit of the frequency interpolating 
section 4 calculates the estimate value of a mean 
square value of the spectrum components essentially 
contained in the interpolation band, by performing re- 
gression calculations after identifying the function of the 
envelope of the spectrum distribution of each band in 
accordance with the signals supplied from the analyzer 
of the frequency Interpolating section 4. In this case, as- 
suming that of the interpolation bands, the band out of 
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the occupied band width represented by the external da- 
ta has essentially no spectrum components, the esti- 
mate value of a mean square value of the spectrum 
components essentially contained in the interpolation 
band is calculated. 5 
(01 1 4] The frequency interpolating device of the sec- 
ond and third embodiments of the invention described 
above can effectively achieve the second object of the 
invention. 

Industrial Applicability 

(01 1 5] As described so far, according to the invention, 
a frequency interpolating device and method can be re- 
alized which can recover a signal approximate to an »5 
original signal from a modulation wave of a signal having 
a limited band of the original signal, and more particu- 
larly can recover an audio signal with a high quality. 
[0116] According to the invention, a frequency inter- 
polating device and method can be realized which can 20 
properly recover a signal approximate to an original sig- 
nal from either an original signal with the spectrum com- 
ponents in some bands being suppressed or a signal 
representative of an original signal containing no spec- 
trum components in the bands or from a signal combin- SB 
ing these two signals. 




1 . A frequency interpolating device for receiving an in- 
put signal of an original signal whose frequency 
components in a particular frequency band are sup- 
pressed, approximately recovering suppressed fre- 
quency components and reproducing a signal ap- 35 
proximate to the original signal, 

CHARACTERIZED IN THAT 

short period spectra are obtained from a fre- 
quency band having frequency components not 
suppressed; a short period spectrum in the sup- « 
pressed frequency band are estimated by paying 
attention to repetition of a spectrum pattern at a pre- 
determined frequency interval; and in accordance 
with this estimation, a signal containing the frequen- 
cy components in the suppressed frequency band 45 
is synthesized and added to the input signal. 

2. The frequency interpolating device according to 
claim 1 , wherein the repetition of the spectrum pat- 
tern is judged by calculating a correlation coefficient so 
between a spectrum pattern in a first frequency 
band having a predetermined band width and fre- 
quency components not suppressed near the sup- 
pressed frequency band and a spectrum pattern in 

a second frequency band adjacent to the first fre- ss 
quency band having the predetermined band width, 
and the suppressed frequency components are 
synthesized by coupling a unit of repetitive spec- 



trum patterns. 

3. The frequency interpolating device according to 
claim 2, wherein if the spectrum pattern in the first 
frequency band and the spectrum pattern in the 
second frequency band have a high correlation co- 
efficient, the spectrum pattern is extended to the 
suppressed band to synthesize the frequency com- 
ponents of the suppressed band. 

4. The frequency interpolating device according to 
claim 3, wherein the intensities of the frequency 
components to be synthesized are determined from 
a spectrum envelope of the suppressed frequency 
band estimated from a spectrum envelope of the 
frequency band not suppressed. 

5. The frequency interpolating device according to 
claim 1, wherein the particular frequency band is a 
high frequency band. 

6. The frequency interpolating device according to 
claim 5, wherein an upper limit frequency of the first 
or second frequency band is a lower limit frequency 
of a suppressed high frequency band. 

7. The frequency interpolating device for processing 
an input signal whose frequency components in a 
particular frequency band are suppressed and re- 
producing a signal having the suppressed frequen- 
cy band components approximately recovered, said 
device comprising: 

spectrum generating means for generating 
short period spectra of the input signal; 
spectrum pattern deriving means for deriving 
correlation spectrum patterns having a correla- 
tion between short period spectrum patterns in 
adjacent frequency bands having the same 
band width; 

spectrum envelope deriving means for deriving 
spectrum envelope information in the band 
whose frequency components are not sup- 
pressed; 

means responsive to both said spectrum pat- 
tern deriving means and said spectrum enve- 
lope deriving means for synthesizing a signal 
having frequency components in the sup- 
pressed frequency band; and 
means for adding the synthesized signal having 
frequency components in the suppressed fre- 
quency band to the input signal. 

8. The frequency interpolating device according to 
claim 7, wherein the signal having frequency com- 
ponents in the suppressed frequency band has the 
derived correlation spectrum pattern and an inten- 
sity determined by the spectrum envelope informa- 
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9. The frequency interpolating device according lo any 
one of claims 1 to 3, wherein the input signal is a 
PCM signal obtained by sampling and quantizing £ 
an analog audio signal. 

10. A frequency interpolating method of receiving an in- 
put signal of an original signal whose frequency 
components in a particular frequency band are sup- »" 
pressed, approximately recovering suppressed fre- 
quency components and reproducing a signal ap- 
proximate to the original signal, 

CHARACTERIZED IN THAT 

short period spectra are obtained from a fre- « 
quency band having frequency components not 
suppressed; a short period spectrum in the sup- 
pressed frequency band is estimated by paying at- 
tention to repetition of a spectrum pattern at a pre- 
determined frequency interval; and in accordance so 
with this estimation, a signal containing the frequen- 
cy components in the suppressed frequency band 
is synthesized and added to the input signal. 

11. The frequency interpolating method according to 25 
claim 1 0, wherein the repetition of the short period 
spectrum pattern is judged in accordance with a 
correlation coefficient between a spectrum pattern 

in a first frequency band having a predetermined 
band width and frequency components not sup- so 
pressed near the suppressed frequency band and 
a spectrum pattern in a second frequency band ad- 
jacent to the first frequency band having the prede- 
termined band width. 

35 

12. A frequency interpolating method of processing an 
input signai whose frequency components in a par- 
ticular frequency band was suppressed and repro- 
ducing a signal having the suppressed frequency 
band components approximately recovered, said *J 
method comprising the steps of: 

generating short period spectra of the input sig- 
nal; 

deriving correlation spectrum patterns having a 45 
correlation between adjacent short period 
spectrum patterns in frequency bands having a 
same band width; 

deriving spectrum envelope information in the 
frequency band not suppressed; SO 
a step of responding to said spectrum pattern 
deriving step and said spectrum envelope driv- 
ing step and synthesizing a signal having fre- 
quency components in the suppressed fre- 
quency band; and 55 
a step of adding the synthesized signal having 
frequency components in the suppressed fre- 
quency band to the input signal. 
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13. A frequency interpolating system for receiving an 
input signal of an original signal whose frequency 
components in a particular frequency band was 
suppressed, approximately recovering suppressed 
frequency components and reproducing a signal 
approximate to the original signal, said system com- 
prising: 

means for deciding whether the particular fre- 
quency band of the original signal contains fre- 
quency components having a predetermined 
level or higher and generating identification da- 
ta indicative of a presence/absence of the fre- 
quency components having the predetermined 
level or higher; 

signal conversion means for suppressing the 
frequency components of the original signal in 
the particular frequency band and subjecting 
the original signal to a predetermined signal 
conversion process; 

means for superposing the identification data 
upon the converted signal to transmit the iden- 
tification data and the converted data; 
deciding means for receiving the transmitted 
signal, checking the identification data con- 
tained in the received signal, and deciding a 
presence/absence of the frequency compo- 
nents in the particular frequency band; 
control means for controlling to input the re- 
ceived signal to succeeding signal processing 
means only if said deciding means judges that 
the particular frequency band contains the fre- 
quency components; and 
signal processing means responsive to the re- 
ceived signal from said control means for per- 
forming an inverse conversion process of the 
predetermined signai conversion process and 
an interpolation process of approximately syn- 
thesizing and adding the frequency compo- 
nents in the suppressed frequency band. 

14. The frequency interpolating system according to 
claim 1 3, wherein the predetermined signal conver- 
sion process is a data compression process and the 
inverse conversion process to be executed by said 
signal processing means is a data decompression 
process. 

15. The frequency interpolating system according to 
claim 1 3, wherein the interpolation process to be ex- 
ecuted by said signal processing means includes a 
short period spectrum analysis process, a process 
of deriving short period spectrum patterns in adja- 
cent frequency bands having a correlation, and a 
process of deriving spectrum envelope information. 

1 6. A frequency interpolating device for receiving an in- 
put signai of an original signal whose frequency 



12 
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components in a particular frequency band are sup- 
pressed, approximately recovering suppressed fre- 
quency components and reproducing a signal ap- 
proximate to the original signal, said device com- 
prising: 

means for receiving a first signal obtained by 
subjecting the original signal whose signal 
components in the particular frequency band 
were suppressed to a predetermined signal 
conversion process and a second signal super- 
posed upon the first signal of identification data 
representative of whether the particular fre- 
quency band of the original signal contains the 
frequency components having a predeter- 
mined level or higher; 

deciding means for checking the identification 
data contained in the received signal and judg- 
ing a presence/absence of the frequency com- 
ponents in the particular frequency band; 
control means for controlling to input the re- 
ceived signal to succeeding signal processing 
means only if said deciding means decide that 
the particular frequency band contains the fre- 
quency components; and 
signal processing means responsive to the re- 
ceived signal from said control means for per- 
forming an inverse conversion process of the 
predetermined signal conversion process and 
an interpolation process of approximately syn- 
thesizing and adding the frequency compo- 
nents in the suppressed frequency band. 

17. The Irequency interpolating device according to 
claim 1 6, wherein the predetermined signal conver- 
sion process is a data compression process and the 
inverse conversion process to be executed by said 
signal processing means is a data decompression 
process. 

18. The frequency interpolating device according to 
claim 1 6, wherein the interpolaiion process to be ex- 
ecuted by said signal processing means includes a 
short period spectrum analysis process, a process 
of deriving short period spectrum patterns in adja- 
cent frequency bands having a correlation, and a 
process of deriving spectrum envelope information. 

19. A frequency interpolating method of receiving an in- 
put signal of an original signal whose frequency 
components in a particular frequency band are sup- 
pressed, approximately recovering suppressed fre- 
quency components and reproducing a signal ap- 
proximate to the original signal, said method com- 
prising the steps of: 

deciding whether the particular frequency band 
of the original signal contains frequency com- 



ponents having a predetermined level or higher 
and generating identification data representa- 
tive ol a presence/absence of the frequency 
components having the predetermined level or 

s higher; 

suppressing the frequency components of the 
original signal in the particular frequency band 
and subjecting the original signal to a predeter- 
mined signal conversion process; 

to superposing the identification data upon the 

converted signal and transmitting the identifica- 
tion data and the converted data; 
receiving the transmitted signal, checking the 
identification data contained in the received 

?5 signal , and deciding a presence/absence of the 

frequency components in the particular fre- 
quency band; 

controlling to input the received signal to a suc- 
ceeding signal processing step only if said judg- 
2° ing step deciding decides that the particular fre- 

quency band contains the frequency compo- 
nents; and 

responsive to the received signal from said con- 
trol step, performing an inverse conversion 
2$ process of the predetermined signal conver- 

sion process and an interpolation process of 
approximately synthesizing and -adding the 
frequency components in the suppressed fre- 
quency band. 

30 

20. A frequency interpolating method of receiving an in- 
put signal of an original signal whose frequency 
components in a particular frequency band are sup- 
pressed, approximately recovering suppressed fre- 
35 quency components and reproducing a signal ap- 
proximate to the original signal, said method com- 
prising the steps of: 

receiving a first signal obtained by subjecting 
«> the original signal whose signal components in 

the particular frequency band were suppressed 
to a predetermined signal conversion process 
and a second signal superposed upon the first 
signal of identification data representative of 
45 whether the particufar frequency band of the 

original signal contains the frequency compo- 
nents having a predetermined level or higher; 
checking the identification data contained in the 
received signal and deciding a presence/ab- 
&> sence of the frequency components in the par- 

ticular frequency band; 

controlling to supplying the received signal to a 
succeeding signal processing step only if said 
deciding step decides that the particular fre- 
55 quency band contains the frequency compo- 

nents; and 

responsive to the received signal from said con- 
trolling step, performing an inverse conversion 
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process of the predetermined signal conver- 
sion process and an interpolation process or 
approximately synthesizing and adding the fre- 
quency components in the suppressed fre- 
quency band. 5 
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FIG. 7 
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